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TITLE OF THE INVENTION 

SEMICONDUCTOR OPTICAL DEVICE AND METHOD FOR FABRICATING 

SAME 

[001] BACKGROUND OF THE INVENTION 
[002] Field of the Invention 

[003] The present invention relates to a semiconductor optical device in which an 
EA modulator and a DFB laser used as a light source of the EA modulator are 
monolithically integrated and a method of fabricating the same, and, more particularly, 
relates to the semiconductor optical device that excels in modulation characteristics and 
includes the EA modulator most suitable for optical communications. 

[004] Description of the Related Art 

[005] A semiconductor optical device is developed and is put to practical use 
including an integrated optical modulator and semiconductor laser device in which an 
optical modulator and a single longitudinal mode semiconductor laser device used as a 
light source of the optical modulator are monolithically integrated. 
[006] As one of such integrated semiconductor optical devices, a semiconductor 
optical device is attracting attention that includes an electroab sorption type optical 
modulator (hereinafter referred to as an "EA modulator") that employs a change in the 



absorption coefficient by an electric field to be used as an optical modulator and a 
distributed feedback semiconductor laser device (hereinafter referred to as a "DFB laser") 
to be used as a light source of the EA modulator. 

[007] The structure of a conventional EA modulator-DFB-laser-integrated 
semiconductor optical device (hereinafter referred to as an "EA-DFB") will be described. 
[008] The conventional EA-DFB is a semiconductor optical device that includes a 
DFB laser and an EA modulator both of which are GalnAsP-based SI-BH (semi-insulated 
buried-hetero) types and in which a hetero-j unction structure including a multi-quantum 
well structure in a semi-insulating layer is buried, and the DFB laser and the EA 
modulator are monolithically integrated on an n-InP substrate coaxially in a waveguide 
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~E direction. 



[009] In a DFB laser area of the n-InP substrate common to the EA modulator, the 
□ DFB laser has a stacked structure including an n-InP lower cladding layer having a 

5 

2 thickness of 100 nm, an SCH (Separate Confinement Heterostructure)- MQW (multi- 

U 

\ n quantum well) made of GalnAsP of which a band-gap wavelength Xg is 1 .55um, a p-InP 

□ 

py upper cladding layer having a thickness of 100 nm, a diffraction grating formed in a 

diffraction grating layer having a thickness of 10 nm and made of GalnAsP of which a 
band-gap wavelength Ag is 1200 nm, a p-InP upper cladding layer having a thickness of 
250 nm that includes a p-InP capping layer having a thickness of 10 nm, and a p-InP 
upper cladding layer having a thickness of 2000 nm, a p-GalnAs contact layer having a 
thickness of 300 nm that are common to the EA modulator. 

[0010] The top surface of the lower cladding layer, the SCH-MQW, the upper 
cladding layer, the diffraction grating, the upper cladding layer including the p-InP 
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capping layer, the upper cladding layer, and the contact layer of the stacked structure 
form a mesa structure. 

[0011] The mesa structure is sandwiched by Fe-doped semi-insulating InP layers 
(hereinafter referred to as "Fe-InP layer") common to the EA modulator. 
[0012] A common passivation film made of a SiN film is formed on the Fe-InP layers 
on both sides of the mesa structure excluding a window on the contact layer. A p- 
electrode is formed on the contact layer disposing the window therebetween, and a 
common n-electrode is formed on the bottom surface of the common n-InP substrate. 
[0013] On an EA modulator area on the n-InP substrate common to the DFB laser, 
the EA modulator has a stacked structure including an n-InP buffer layer having a 
thickness of 50 nm, an SCH-MQW made of GalnAsP of which a band-gap wavelength 
Xg is 1 .52um, a p-InP upper cladding layer having a thickness of 200 nm, and a p-InP 
upper cladding layer having a thickness of 2000 nm and a p-GalnAs contact layer having 
a thickness of 300 nm that are common to the DFB laser. 

[0014] The top surface of the n-InP buffer layer, the SCH-MQW, the upper cladding 
layer, the upper cladding layer, and the contact layer 42 of the stacked structure is formed 
as a mesa structure. The semi-insulating Fe-InP layer common to the DFB laser is buried 
in both sides of the mesa structure. 

[0015] The common passivation film made of a SiN film is formed on the Fe-InP 
layer on both sides of the mesa structure excluding a window on the contact layer. 
[0016] A p-electrode is formed inside of the window on the contact layer, and a 
common n-electrode is formed on the bottom surface of the common n-InP substrate. 



[0017] Then, a method for fabricating the above conventional EA-DFB will be 
described. 

[0018] First, the GalnAsP-based DFB-LD structure is formed on the whole area of 
the n-InP substrate including the DFB laser area and the EA modulator area. 
[0019] In other words, on the whole area of the n-InP substrate, the n-InP lower 
cladding layer, the SCH-MQW, the p-InP upper cladding layer, the diffraction grating 
layer, and the p-InP cap layer are epitaxially grown according to, for example, the 
MOCVD method. 

[0020] Thereafter, the cap layer and the diffraction grating layer are etched to form 
the diffraction grating, and then the p-InP upper cladding layer is epitaxially grown to 
bury the diffraction grating, and the stacked structure including the cladding layer is 
formed on the diffraction grating. 

[0021] Then, an SiN mask for covering the stacked structure of the DFB laser area is 
formed, and the stacked structure formed in the EA modulator area that is not covered 
with the mask is etched to expose the n-InP substrate. 

[0022] Thereafter, the GalnAsP-based EA modulator structure is selectively grown 
on the n-InP substrate in the exposed area of the optical modulator area. In other words, 
the n-InP buffer layer, the SCH-MQW, and the p-InP upper cladding layer are epitaxially 
grown on the n-InP substrate according to, for example, the MOCVD method, thereby 
forming the stacked structure. 

[0023] After the SiN mask in the DFB laser area is removed, the p-InP upper 
cladding layer and the pGalnAs contact layer are epitaxially grown on the whole surface 
of the substrate. 
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[0024] Thereafter, striped SiN masks having a width of 2 urn are consecutively 
formed on the stacked structure of the DFB laser area and on the stacked structure of the 
EA modulator area, and then dry etching is performed by using the masks. 
[0025] Thereby, the mesa structure including the top section of the lower cladding 
layer, the SCH-MQW, the upper cladding layer, the diffraction grating, the upper 
cladding layer having the p-InP cap layer, the upper cladding layer, and the contact layer 
is formed in the DFB laser area. 

[0026] On the other hand, the mesa structure including the top section of the n-InP 
buffer layer, the SCH-MQW, the p-InP upper cladding layer, the upper cladding layer, 
and the contact layer is formed in the EA modulator area. 

[0027] Thereafter, using the SiN masks as selective-growth masks, a semi-insulating 
Fe-InP current blocking layer is subjected to buried growth to fill the spaces in both sides 
of the mesa structure therewith. 

[0028] The EA-DFB can be fabricated by forming the passivation film, the p- 
electrodes and the n-electrode. 

[0029] The above conventional EA-DFB exhibits excellent modulation 
characteristics. However, in order to satisfy the demand of high-capacity/high-speed 
communications in the optical communication field, the EA-DFB has been demanded 
that excels in temperature characteristics and shows excellent high-speed modulation 
characteristics. 
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[0030] SUMMARY OF THE INVENTION 

[0031] In one aspect of the present invention (hereinafter referred to as "first 
invention"), a monolithic semiconductor optical device is provided including: a 
semiconductor substrate and an electric absorption modulator (EA modulator) including a 
quantum well structure having AlGalnAs-based material and a width larger than a width 
of an optical mode field as viewed perpendicular to an optical axis of said EA modulator, 
and a distributed feedback laser device (DFB laser) including a quantum well structure 
formed in an EA modulator formation area and in a DFB laser formation area, 
respectively, on the semiconductor substrate; wherein either of the EA modulator and the 
^ DFB laser is firstly formed in the EA modulator formation area or in the DFB laser 

a 

formation area by etching the other of the EA modulator and the DFB laser to expose the 

i 

semiconductor substrate in the DFB laser formation area or in the EA modulator 

5 

Q formation area, and then the other of the EA modulator and the DFB laser is formed in 

a 

O the EA modulator formation area or in the DFB laser formation area. 
ft [0032] In accordance with the first invention, the semiconductor optical device 
including the EA modulator excellent in the temperature characteristic and the 
modulation characteristic can be realized by forming the configuration including the EA 
modulator having the quantum- well-structure active layer made of the AlGalnAs-based 
material and the specific compound semiconductor stacked structure on the active layer, 
and the DFB laser that includes the quantum-well-structure active layer made of the 
GalnAsP-based material that is formed as a BH structure. 

[0033] In another aspect of the present invention (hereinafter referred to as "second 
invention"), a method for fabricating a semiconductor optical device is provided 
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including the steps of: forming a first stacked structure including either of a DFB laser 
having a quantum-well-structure active layer made of a GalnAsP-based material and an 
EA modulator having a quantum-well-structure active layer made of an AlGalnAs-based 
material in a DFB laser formation area and in an EA modulator formation area, 
respectively, on a semiconductor substrate; forming a second stacked structure by etching 
the other of the DFB laser and the EA modulator to expose the substrate in the DFB laser 
formation area or in the EA modulator formation area; forming a third stacked structure 
including the other of the DFB laser and the EA modulator on the exposed substrate; and 
forming a mesa stripe by simultaneously etching the second and third stacked structures. 
[0034] In accordance with the second invention, the suitable method for fabricating 
the semiconductor optical device of the invention can be realized. In other words, by the 
dry etching for the mesa formation that uses etchant of methane mixed gas or bromine- 
containing etchant, the DFB-LD area made of a GalnAsP-based material can reach 
halfway of the substrate, however, only the upper side of the EA modulator area made of 
an AlGalnAs-based material is etched because the AlGalnAs is not etched. Therefore, 
the BH structure and the buried ridge structure can be easily integrated. 
[0035] The above and other objects, features and advantages of the present invention 
will be more apparent from the following description. 



[0036] BRIEF DESCRIPTION OF DRAWINGS 
[0037] Fig. 1 is a top plan view showing an EA-DFB of Embodiment 1. 
[0038] Figs. 2 A and 2B are sectional views along the lines I-I and II-II of Fig. 1, 
respectively; showing the structure of the DFB laser and the EA modulator. 
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[0039] Fig. 3 A to 3D are vertical sectional views sequentially showing a method for 
fabricating the EADFB of Fig. 1. 

[0040] Fig. 4 is a vertical sectional view taken along the line III-III of Fig. 31). 

[0041] Fig. 5 is a vertical sectional view taken along the line IV-IV of Fig. 3D. 

[0042] Fig. 6 is a top plan view showing an EA-DFB of Embodiment 2. 

[0043] Figs. 7A and 7B are sectional views along the lines V-V and VI-VI of Fig.6, 

respectively, showing the structure of the DFB laser and the EA modulator. 

[0044] Figs. 8, 9 and 10 are vertical sectional views sequentially showing a method 

for fabricating the EA-DFB of Fig.6. 

[0045] PREFERRED EMBODIMENTS OF THE INVENTION 
[0046] The present inventor has conceived that an AJGafeAs-based quantum well 
structure, instead of the conventional GalnAs-based quantum well structure, is used as an 
active layer of the EA modulator so as to improve the temperature characteristics and the 
modulation characteristics. 

[0047] However, because an Al-containing layer such as an AlGalnAs layer is easily 
oxidized when it is exposed to air during the formation of a mesa structure, the 
characteristic of AlGalnAs may change. 

[0048] Therefore, it is difficult to employ a BH (Buried Hetero) structure in which 
the mesa structure is sandwiched by a pair of current block layers in the EA modulator 
having the AIGalnAs-based quantum well structure. 

[0049] Accordingly, the present inventor has experimentally confirmed that, in 
fabricating a semiconductor optical device in which a DFB laser and an EA modulator 
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are monolithically integrated, an Al containing layer such as an AlGalnAs layer can be 
prevented from being oxidized by forming the DFB laser including a GalnAsP-based BH 
structure and by allowing the AlGalnAs-based EA modulator to have a structure in 
which a quantum well is not etched such as a ridge structure, a buried ridge structure and 
an SAS structure. 

[0050] Further, the present inventor has conceived that the stripe formation of the 
DFB laser area and the EA modulator area, the mesa etching, and the buried growth are 
carried out simultaneously, and further conceived that, when the partial stacked structure 
up to the lower cladding layer in the DFB laser area is etched, the Al-containing layer 
such as an AlGalnAs layer in the EA modulator area are used as an etch stopper by using 
the dry etching selectivity of the etchant such as a methane series gas and a bromine- 
containing gas between the Al-containing layer and the Al-non-containing layer in the 
etching of the mesa structure. Thereby, the automatic and easy formation of the DFB 
laser having the BH structure and the EA modulator having the buried ridge structure 
could be experimentally confirmed. 

[0051] Based on the experimental findings, the first invention has been made. 
[0052] Preferably, the EA modulator has a striped optical waveguide layer made of 
GalnAsP or AlGalnAs as at least a part of the upper cladding layer when the EA 
modulator includes a compound semiconductor stacked structure of a buried ridge 
structure or an SAS structure and includes a semi-insulating InP layer as a buri edJLa y.gr. 
As a result, the formation of a lateral-light-confinement structure with respect to the 
buried InP layer and the improvement of the waveguide efficiency can be obtained. 
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[0053] In the formation of the first and second stacked structures, the optical 
waveguide layer made of GalnAsP or AlGalnAs may be formed as at least a part of the 
upper cladding layer. 

[0054] In the etching step for the mesa formation using the dry etching method, the 
AIGalnAs-based material layer that constitutes at least a part of the quantum-well- 
structure active layer or at least a part of the upper cladding layer acts as an etch stopping 
layer in the EA modulator formation area. Further, in the etching step for the mesa 
formation, dry etching is carried out in a reactor of a MOCVD while using brome- 
containing gas such as CBr 4 as etchant after the step of forming the stacked structure. 



[0055] Subsequently to the etching step for the mesa formation, the two stacked 

5 

j*= structures are simultaneously buried in the semi-insulating InP layer, and, in the EA 

i 

modulator formation area, a compound semiconductor stacked structure of either of a 
buried ridge structure or an SAS structure is formed, and, in the DFB laser formation 
area, a BH structure is formed. 

[0056] Then, the configuration of a semiconductor optical device in accordance with 
embodiments of the present invention will be described referring to the annexed 
drawings. 



[0057] Embodiment 1 of Semiconductor Optical Device 

[0058] This embodiment is one example of a semiconductor optical device in which 
the EA modulator and the DFB laser are monolithically integrated (EA-DFB). 
[0059] As shown in Fig. 1, an EA-DFB 10 of the embodiment is a semiconductor 
optical device that includes a buried ridge type AIGalnAs-based EA modulator and an 
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SI-BH type GalnAsP-based DFB. The DFB laser 10 A and the EA modulator 10B are 
integrated on a single n-InP substrate 12 monolithically and coaxially in a waveguide 
direction. 

[0060] The DFB laser 10A includes substantially same structure as the conventional 
DFB laser. As shown in Fig. 2 A, the DFB laser 10 A has a stacked structure, in a DFB 
laser area 12A of the n-InP substrate 12 common to the EA modulator 10B, including an 
n-InP lower cladding layer 14 having a thickness of 100 nm, an SCH-MQW 16 made of 
GalnAsP of which a band-gap wavelength Xg is 1.55um, a p-InP upper cladding layer 18 
having a thickness of 100 nm, a diffraction grating 20a formed in a diffraction grating 
|Z layer 20 having a thickness of 10 nm that is made of GalnAsP of which a band-gap 
]jp wavelength Xg is 1200 nm, a p-InP upper cladding layer 24 having a thickness of 250 nm 

■F 

that includes a p-InP cap layer 22 having a thickness of 10 nm, a p-InP upper cladding 

i 

Q layer 40 having a thickness of 2000 nm, and a p-GalnAs contact layer 42 having a 
O thickness of 300 nm. 

==Ss 

ft [0061] A portion of the lower cladding layer 14, the SCH-MQW 16, the upper 

jiy cladding layer 1 8, the diffraction grating 20a, the upper cladding layer 24, the upper 

cladding layer 40, and the contact layer 42 of the stacked structure form a mesa structure 
48. Further, the mesa structure 48 is sandwiched by a pair of Fe-doped semi-insulating 
InP layers (Fe-InP layer) 52. 

[0062] A common passivation film 56 made of a SiN film is formed on the Fe-InP 
layers 52 sandwiching the mesa structure 48 excluding a window 54 on the contact layer 
42. 
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[0063] A p-electrode 58 is formed inside of the window 42 on the contact layer 42, 
and a common n-electrode 60 is formed on the bottom surface of the common n-InP 
substrate 12. 

[0064] As shown in Fig.2B, the EA modulator 10B has a stacked structure, in the EA 
modulator area 12B of the n-InP substrate 12 common to the DFB laser 10A, including 
an n-InP buffer layer 30 having a thickness of 50 nm, an SCH-MQW 32 made of 
AlGalnAs of which a band-gap wavelength Xg is 1.52um, an optical waveguide layer 34 
having a thickness of 200 nm that is made of pGalnAsP of which a band-gap wavelength 
Ag is 1 100 nm, a p-InP upper cladding layer 36 having a thickness of 200 nm, a p-InP 
upper cladding layer 40 having a thickness of 2000 nm, and a p-GalnAs contact layer 42 
having a thickness of 300 nm. 

[0065] The optical waveguide layer 34, the upper cladding layer 36, the upper 
cladding layer 40, and the contact layer 42 of the stacked structure form a mesa structure 
50. Further, the mesa structure 50 are sandwiched by a pair of the semi-insulating Fe-InP 
layers 52. 

[0066] The common passivation film 56 made of an SiN film is formed on the Fe-InP 
layers 52 sandwiching the mesa structure 50 excluding a window 62 on the contact layer 
42. 

[0067] A p-electrode 64 is formed inside of the window 62 on the contact layer 42, 
and the common n-electrode 60 is formed on the bottom surface of the common n-InP 
substrate 12. 



[0068] Fabrication of Semiconductor Optical Device of Embodiment 1 
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[0069] A method for fabricating the semiconductor optical device of the Embodiment 
1 will be described referring to Figs. 3 A to 3D, 4 and 5. 

[0070] First, as shown in Fig. 3 A, a GalnAsP-based DFB-LD structure up to the 
wave guide layer is formed on the whole surface of the n-InP substrate 12 that includes 
the DFB laser area 12A and the EA modulator area 12B. 

[0071] In detail, the n-InP lower cladding layer 14 having a thickness of 100 nm, the 
SCH-MQW 16 made of GalnAsP of which a band-gap wavelength Xg is 1.55 urn, the p- 
InP upper cladding layer 18 having a thickness of 100 nm, the diffraction grating layer 20 
having a thickness of 10 nm that is made of GalnAsP of which band-gap wavelength Xg 
is 1200 nm, and the p-InP cap layer 22 having a thickness of 10 nm are epitaxially grown 
on the n-InP substrate 12 according to, for example, the MOCVD. 
43 [0072] Then, as shown in Fig.3B, the cap layer 22 and the diffraction grating layer 20 
□ are etched to form the diffraction grating 20a, and the p-InP upper cladding layer 24 

having a thickness of 250 nm is epitaxially grown to bury the diffraction grating 20a, and 
a stacked structure 26 having the cladding layer 24 on the diffraction grating 20a is 
formed. 

[0073] Then, an SiN mask 28 with which the stacked structure 26 in the DFB laser 
area 12 A is covered is formed. 

[0074] Then, after the stacked structure 26 formed in the EA modulator area 12B is 
etched to expose the n-InP substrate 12, the AlGalnAs-based EA modulator structure 38 
is selectively grown on the n-InP substrate 12 in the EA modulator area 12B as shown in 
Fig.3C. 
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[0075] In more detail, the n-InP buffer layer 30 having a thickness of 50 nm, the 
SCH-MQW 32 made of A 1 Gain As of which a band-gap wavelength Ag is 1.52um, the 
optical waveguide layer 34 having a thickness of 200 nm that is made of p-GalnAsP of 
which a band-gap wavelength Xg is 1 100 nm, and the p-InP upper cladding layer 36 
having a thickness of 200 nm are epitaxially grown on the n-InP substrate 12 according 
to, for example, the MOCVD method, thereby forming the stacked structure 38. 
[0076] Thereafter, as shown in Fig.3D, after the removal of the SiN mask 28 in the 
DFB laser area, the p-InP upper cladding layer 40 having a thickness of 2000 nm and the 
p-GalnAs contact layer 42 having a thickness of 300 nm are epitaxially grown on the ' 
whole surface of the substrate. 

[0077] Thereafter, consecutive SiN masks 44 and 46 each having a width of 2um are 
formed on the stacked structures in the DFB laser area 12A and the EA modulator area 
12B, respectively. 

[0078] Then, by using the SiN masks 44 and 46, dry etching is carried out according 
to the RIE method that uses etchant of the CH 4 series to make an etching depth of 3000 
nm. 

[0079] Thereby, as shown in the left side section of Fig.4, the lower cladding layer 14 
is etched halfway, and the mesa structure 48 including the upper part of the lower 
cladding layer 14, the SCH-MQW 16, the upper cladding layer 18, the diffraction grating 
20a, the upper cladding layer 24 including the p-InP cap layer 22, the upper cladding 
layer 40, and the contact layer 42 is formed in the DFB laser area 1 2 A. 
[0080] On the other hand, as shown in the right hand section of Fig.4, since the 
AlGalnAs layer that constitutes the SCH-MQW 32 functions as an etch stop layer in the 
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EA modulator area 12B, the etching stops at the top surface of the SCH-MQW 32, and 
the mesa structure 50 including the optical waveguide layer 34, the upper cladding layer 
36, the upper cladding layer 40, and the contact layer 42 is formed. 
[0081] Thereafter, as shown in Fig. 5, the semi-insulating Fe-InP current blocking 
layers 52 having a thickness of 2500 nm are grown on the both sides of the mesa 
structures 48 and 50 by using the SiN masks 44 and 46 as selective-growth masks in the 
DFB laser area 10 A and in the EA modulator area 10B, respectively. 
[0082] A passivation film, a separation groove, an electrode not shown in the 
drawings may be formed, if necessary, to form the EA-DFB 1 0 of Embodiment 1 that 
JjJ includes the DFB laser 10 A and the EA modulator 10B. 

5 [0083] After a sample EA-DFB that has substantially same structure as the EA-DFB 

s 

^ 10 of Embodiment 1 was fabricated according to the above method for Embodiment 1 
P and the modulation characteristics of the sample EA-DFB was evaluated, the 
p improvement of the modulation characteristics was confirmed in comparison with the 
conventional EA-DFB in which the EA modulator was made of GalnAsP. 
[0084] That is, the frequency characteristics of the EA modulator 10B of the sample 
semiconductor optical device were 18 GHz which were significantly larger than 10 GHz 
of the conventional EA modulator. 



[0085] Embodiment 2 of Semiconductor Optical Device 

[0086] This embodiment is another example of the semiconductor optical device 
according to the present invention applied to the EA-DFB including the EA modulator 
and the DFB laser monolithically integrated. 



15 



[0087] As shown in Fig.6, an EA-DFB 70 of this embodiment includes a DFB laser 
70A having a SI-PBH (Semi Insulating Planar Buried Hetro) structure that employs an 
Fe-doped high- resistance InP layer acting as a current block layer, and an EA modulator 
70B having a structure in which a quantum-well-structure active layer is left on the whole 
surface of the substrate (i.e., SAS structure). As shown therein, the DFB laser 70A and 
the EA modulator 70B are integrated on the single n-InP substrate monolithically and 
coaxially in the waveguide direction. 

[0088] As shown in Fig. 7 A, the DFB laser 70 A has a stacked structure, in the DFB 
laser area on the n-InP substrate 12 common to the EA modulator 70B, including the n- 
2 InP lower cladding layer 14 having a thickness of 100 nm, the SCH-MQW 16 made of 
GalnAsP of which a band-gap wavelength Xg is 1 .55 um, the p-InP upper cladding layer 

■F 

hQ 18 having a thickness of 100 nm, the diffraction grating 20a formed in the diffraction 

P grating layer 20 having a thickness of 1 0 nm that is made of GalnAsP of which a band- 
2 gap wavelength leg is 1200 nm, the p-InP upper cladding layer 24 having a thickness of 
\fi 250 nm that includes the p-InP cap layer 22 (not shown) having a thickness of 10 nm, and 

5 

pj a p-InP upper cladding layer 72 having a thickness of 2000 nm and a p-GalnAs contact 
layer 74 having a thickness of 300 nm that are common to the EA modulator 70B. 
[0089] A portion of the lower cladding layer 14, the SCH-MQW 16, the upper 
cladding layer 18, the diffraction grating 20a, and the upper cladding layer 24 including 
the p-InP cap layer 22 of the stacked structure form a mesa structure 76. 
[0090] Further, the mesa structure 76 is sandwiched by a pair of semi-insulating Fe- 
InP layers 78 common to the EA modulator 70B. Further, on the Fe-InP layer 78, an n- 
InP layer 80 having a thickness of 100 nm common to the EA modulator 70B is formed 
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as a hole blocking layer such that the Fe-InP layer 78, which captures electrons but does 
not capture positive holes, is not in contact directly with the p-InP upper cladding layer 
72. 

[0091] The p-InP upper cladding layer 72 and the pGalnAs contact layer 74 are 
placed on the p-InP upper cladding layer 24 and the n-InP layer 80. 
[0092] Further, a p-electrode 82 is formed on the contact layer 74, and the common 
n-electrode 60 is formed on the bottom surface of the common n-InP substrate 12. 
[0093] As shown in Fig.7B, the EA modulator 70B has a stacked structure, in the EA 
modulator area of the n-InP substrate 12 common to the DFB laser 70A, including the n- 
InP buffer layer 30 having a thickness of 50 nm, the SCH-MQW 32 made of AlGalnAs 
of which a band-gap wavelength Xg is 1.52um, the optical waveguide layer 34 having a 
thickness of 200 nm that is made of p-GalnAsP of which a band-gap wavelength Ag is 
1 100 nm, the p-InP upper cladding layer 36 having a thickness of 200 nm, and the p-InP 
upper cladding layer 72 having a thickness of 2000 nm and the p-GalnAs contact layer 74 
having a thickness of 300 nm that are common to the DFB laser 7 OA. 
[0094] The optical waveguide layer 34 and the upper cladding layer 36 of the stacked 
structure form as a mesa structure 84. Further, the mesa structure 84 is sandwiched by 
the pair of the semi-insulating Fe-InP layers 78, and the nlnP layer 80 is formed on the 
Fe-InP layers 78. 

[0095] The p-InP upper cladding layer 72 and the pGalnAs contact layer 74 are 
placed on the p-InP upper cladding layer 36 and the n-InP layers 80. 
[0096] A p-electrode 86 is formed on the contact layer 74, and the common n- 
electrode 60 is formed on the bottom surface of the common n-InP substrate 12. 
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[0097] Fabrication of Semiconductor Optical Device of Embodiment 2 

[0098] A method for fabricating the semiconductor optical device of the Embodiment 

2 will be described referring to Figs. 8 to 10. 

[0099] In this embodiment, the stacked structure 26 is formed in the DFB laser area 
on the n-InP substrate 12, and the stacked structure 38 is formed in the EA modulator 
area on the n-InP substrate 12 similarly to the fabrication in Embodiment 1 as shown in 
Fig.3C. 

[00100] Thereafter, consecutive striped 8iN masks 88 and 90 having a width of 2pm 
are formed on the stacked structures 26 and 38 in the DFB laser area and the EA 
modulator area, respectively. Then, by using the SiN masks 88 and 90, dry etching is 
carried out according to the RIE method that uses etchant of the CH, series to make an 
etching depth of 500 nm. 

[00101] Thereby, as shown in the left side section of Fig. 8, the lower cladding layer 14 
is etched halfway, and the mesa structure 76 including the upper part of the lower 
cladding layer 14, the SCH-MQW 16, the upper cladding layer 18, the diffraction grating 
20a, and the upper cladding layer 24 including the p-InP cap layer 22 is formed in the 
DFB laser area 12 A. 

[00102] On the other hand, as shown in the right hand section of Fig.8, since the 
AlGalnAs layer that constitutes the SCH-MQW 32 functions as an etch stop layer in the 
EA modulator area 12B, the etching stops at the top surface of the SCH-MQW 32, and 
the mesa structure 84 including the optical waveguide layer 34 and the upper cladding 
layer 36 is formed. 
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[00103] Thereafter, as shown in Fig.9, the semi-insulating Fe-InP current blocking 
layers 78 having a thickness of 400 nm are grown on the both sides of the mesa structures 
76 and 84 by using the SiN masks 88 and 90 as selective-growth masks in the DFB laser 
area 12A and in the EA modulator area 12B, respectively. The n-InP hole blocking 
layers 80 having a thickness of 100 nm are formed on the Fe-InP current blocking layers 
78. 

[00104] Thereafter, as shown in Fig.10, after the removal of the SiN masks 88 and 90, 
the p-InP upper cladding layer 72 having a thickness of 2000 nm and the p-GalnAs 
contact layer 74 having a thickness of 300 nm are epitaxially grown on the whole surface 
ti of the substrate in the DFB laser area 12A and in the EA modulator area 12B. 

[00105] A passivation film, a separation groove, an electrode may be formed, if 
necessary, to form the EA-DFB 70 shown in Figs. 6, 7 A and7B. 
[00106] After a sample semiconductor optical device that had substantially same 
structure as the EA-DFB 70 of Embodiment 2 was fabricated according to the above 
method for Embodiment 2 and the modulation characteristics of the sample 
semiconductor optical device was evaluated, the improvement of the modulation 
characteristics was confirmed similarly to the EA-DFB 10 of Embodiment 1. 
[00107] Since the above embodiment is described only for examples, the present 
invention is not limited to the above embodiment and various modifications or alterations 
can be easily made therefrom by those skilled in the art without departing from the scope 
of the present invention. 



19 



